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Question 1. Integral Method of Data Analysis (12 marks) (Time: 20 min) 
After 8 minutes in a batch reactor, reactant (CA0 = 1 mol/L) is 80% converted; after 18 minutes, 







Question 2. Multiple Reactions (25 marks) (Time: 50 min) 
Consider the following system of gas-phase reactions: 
 
𝐴 → 𝑋           𝑟𝑋 = 𝑘1                 𝑘1 = 0.00005 𝑚𝑚𝑚/(𝑑𝑚3 ∙ min) 
𝐴 → 𝐵           𝑟𝐵 = 𝑘2𝐶𝐴            𝑘2 = 0.001 𝑚𝑚𝑚−1 
𝐴 → 𝑌           𝑟𝑌 = 𝑘3                 𝑘3 = 0.01 𝑑𝑚3/(𝑚𝑚𝑚 ∙ min) 
 
B is the desired product, and X and Y are foul pollutants that are expensive to get rid of. The 
specific reaction rates are at 27 0C. The reaction system is to be operated at 27 0C and 7.4 atm. 
Pure A enters the system at a volumetric flow rate of 10 dm3/min. Information about the selectivity 
with respect to B is provided in Figure 1 below. 
 
Figure 1. Selectivity as a function of the concentration of A 
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a) Consider a series of reactors to be used for this process. What should be the type and the 
volume of the first reactor? Justify your answer (12 marks). 
b) What are the effluent concentrations of A, B, X, and Y from the first reactor? (4 marks) 
c) What is the conversion of A in the first reactor? (2 marks) 
d) If 99% conversion of A is desired, what reaction scheme and reactor sizes should you use to 
maximize the selectivity with respect to B? (4 marks) 
e) Suppose that E1 = 20000 cal/mol, E2 = 10000 cal/mol, and E3 = 30000 cal/mol. At what 
temperature would you recommend for this reaction to be carried out in order to maximize the 
selectivity with respect to B? (3 marks) 
 





Question 3. Reaction mechanisms and pathways (20 marks) (Time: 30 min) 
The pyrolysis of acetaldehyde is believed to take place according to the following sequence: 
𝐶𝐻3𝐶𝐻𝐶
𝑘1
→𝐶𝐻3 ∙ +𝐶𝐻𝐶 ∙ 
𝐶𝐻3 ∙ +𝐶𝐻3𝐶𝐻𝐶 𝑘2→𝐶𝐻3 ∙ +𝐶𝐶 + 𝐶𝐻4 
𝐶𝐻𝐶 ∙ +𝐶𝐻3𝐶𝐻𝐶 𝑘3→𝐶𝐻3 ∙ +2𝐶𝐶 + 𝐻2 2𝐶𝐻3 ∙ 𝑘4→𝐶2𝐻6 
a) Derive the rate expression for the rate of disappearance of acetaldehyde (12 marks); 
b) Under what conditions does this rate expression reduce to −𝑟𝐶𝐻3𝐶𝐻𝐶 = 𝑘𝐶𝐶𝐻3𝐶𝐻𝐶3/2 ? (4 marks) 




Question 4. Isothermal reactor with pressure drop (18 marks) (Time: 25 min) 
A second-order gas-phase reaction 
A→B 
is carried out in a PBR packed with 1000 kg of a catalyst. The entering pressure is 20 atm and the 
pressure at the exit of the reactor is 10 atm. The flow through the reactor is extremely turbulent. 
Currently 20% conversion is achieved. 
a) What conversion could be achieved in a PBR with the same catalyst mass and no pressure 
drop? (6 marks) 
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b) If the density of the catalyst increases by a factor of 2, what would be the pressure drop for 
the same catalyst mass? (4 marks) 
c) How do you need to change the catalyst size (Dp (assume that catalyst particles are perfect 




Question 5. Nonisothermal reactors (25 marks) (Time: 50 min) 
The endothermic liquid-phase elementary reaction  
A + B → 2C 
proceeds, substantially, to completion in a single steam-jacketed, continuous-stirred reactor (see 
Table 1 below). The heat of reaction is 20000 Btu/lbmol of A (independent of temperature). The 
reactor volume is 125 gal. The steam jacket area is 10 ft2, and the saturated steam is supplied at 
150 psig (365.9 0F saturation temperature). The overall heat-transfer coefficient of jacket is 150 
btu/(h•ft2•0F), and the agitator shaft power is 25 hp. 
Table 1. Question 5  
 A B C 
Feed (lbmol/hr) 10.0 10.0 0.0 
Feed temperature (0F) 80 80 -  
Specific heat (Btu/(lbmol•0F) 51.0 44.0 47.5 
Molar mass (lb/lbmol) 128 94 111 
Density    
 
a) From the following data, calculate the steady-state reactor temperature (25 marks). 
Hint: 1 hp ≈ 2544 Btu/hr; 1 gal ≈ 0.1337 ft3;  
 
 
 
 
 
